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Abstract 
During ramp-up the production system’s behavior is not predictable as most of the conditions apply for the first time. Due to the unpredictable 
consequences of single actions, which widely affect the whole production system’s structure, decision making and therewith controlling the 
ramp-up is challenging. Caused by a lack of control instabilities occur, which lead to reduced production effectiveness and delay achieving the 
target production volume. This research paper focuses on managing instabilities in ramp-up by facilitating decision making through reducing 
the root cause of instabilities which is the underlying complexity of the ramp-up. For this purpose four solution principles are provided. 
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1. Motivation 
Case study research as well as qualitative and quantitative 
desk research performed on ramp-up management reveal that 
the ramp-up is a potentially instable system and, therefore, 
difficult to manage [1, 2]. As an instable system’s behavior is 
not predictable it is essentially complicated to systematically 
make decisions for planning and organizing the ramp-up. The 
complexity of the ramp-up situation is the main factor which 
drives this instable behavior.  
 
Handling instability is the major challenge of ramp-up 
management which needs to be addressed in order to be able 
to better plan this phase [2, 3, 4, 5]. The less complex the 
system is the easier it is to derive the right decisions and 
actively manage the ramp-up for reaching a higher production 
effectiveness, (Fig. 1). 
This paper presents solution approaches to succeed in 
dealing with and reducing the ramp-up’s complexity as being 
the root cause of the instable behavior. It presents the 
integrated view on ramp-up management of the research 
training group “ramp-up management” of RWTH Aachen 
University, introducing a framework within which solutions 
for decision making in ramp-up are derived. 
Fig. 1. Stabilizing the ramp-up for more production effectiveness 
 
The relevant research questions which have to be 
addressed in order to develop efficient solutions for a 
complexity reduction in ramp-up are: 
x How can the ramp-up’s complexity be described? 
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x How does the complexity affect a manufacturing system’s 
efficiency and effectiveness in ramp-up? 
x What are the most relevant factors which determine the 
unpredictable and dynamical system behavior in ramp-up 
and cause instability? 
x How can complex socio-technical systems be managed 
successfully? 
2. Instability in ramp-up – state of the art 
The ramp-up describes the transition of a product-process-
system from development into a stable series production [6, 7, 
8]. Product-process-system refers to the integrated ramp-up of 
a product and a plant including the necessary processes. In 
order to reach the indicated capacity (production 
effectiveness) processes are qualified to bring forth products 
which meet customer requirements and the output is extended 
continuously. This conversion is not free of complexity.  
2.1. Complexity in ramp-up 
A broad range of scientists characterizes the ramp-up as one 
of the most complex processes a manufacturing company 
faces. [1, 2, 9, 10] 
Complexity in ramp-up arises from [2, 11]:  
x the interdisciplinarity of the decision makers and their 
partially contradictory targets, 
x the interdependencies between the various elements which 
describe and shape the ramp-up (e.g. technologies, product, 
processes, personnel, logistics network) and mainly 
interrelate for the first time, 
x the dynamically changing external and internal conditions. 
 
Interdisciplinarity results in differentiating behavioral 
patterns and information processing of the decision makers. 
The underlying interdependencies and dynamics eventuate in 
an analytical uncertainty. Complex systems are, thus, only 
influenceable and controllable inside a distinct range and 
planning results are subject to probabilities. [12, 13]  
2.2. Instability in ramp-up 
The system’s complexity is the root cause of instabilities in 
ramp-up. Instability is consistently described as the 
unpredictability and uncontrollability of a system’s behavior 
[14, 15]. The system’s future state is not known (Fig. 2).  
In order to not only react to the system’s behavior a 
proactive ramp-up management which is able to cope with 
and reduce complexity is necessary. Consequently, an 
optimization in planning and controlling the ramp-up may be 
achieved. Although, several publications focus on approaches 
which assist in planning and controlling the ramp-up a 
scientific investigation of the instability phenomena in ramp-
up is only performed in very few research activities and not 
dealt with in detail.  
 
Lanza conceives a simulation model of instable ramp-up 
processes which helps to anticipate the processes’ quality and 
performance capability. The evaluation is conducted based on 
a time-variant overall equipment effectiveness (OEE). As the 
focus is set on simulating the capabilities, an explanation of 
the instabilities’ characteristics and their causes is not given 
and no measures on reducing instabilities are derived. [3] 
Another simulation model is set-up by Jürging. This 
model’s target is to identify the factors facilitating or 
interfering the ramp-up. Based on an analysis of 
interdependencies between different factors, the author 
derives measures and tests their effectiveness on an active 
interference of the ramp-up. Instability is not addressed 
explicitly. [16]  
Winkler designs a prognosis model for a proactive ramp-
up control. By respecting the system’s dynamic, he identifies 
interdependencies which help to determine the effects which 
disturbances and measures have on the ramp-up targets. This 
approach helps to control the ramp-up. However, proactive in 
Winkler’s model only refers to the prognosis of target values 
taking disturbances and reactive measures into account. An 
investigation of the factors which drive the disturbances (i.e. 
instabilities) and their proactive management is not provided 
in detail. [17] 
Another perspective on instability in ramp-up is taken in 
by Tücks. He focuses on turbulences induced from the 
exterior environment and internally in order to describe 
instability. Nevertheless, a discussion of interdependencies 
between factors that cause complexity and instability is not 
conducted. Designing a closed control loop to manage the 
ramp-up, however, provides indications on how to control the 
ramp-up. [18]  
Gartzen develops a method to stabilize the ramp-up of 
assembly systems. He defines several complexity drivers 
which evoke losses of the system. Those losses are causing 
instabilities. Besides the causes of instabilities, Gartzen also 
considers the phenomena resulting from instability. In order to 
control them, he develops a system of key performance 
indicators. [2] 
Bruns develops a concept to design the ramp-up 
organization based on a Viable System Model. Although 
stability is a central term within this model the design is more 
focused on the ramp-up organization rather than on the 
manufacturing system. [19]  
 
Fig. 2. Stability and instability in ramp-up 
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The current ramp-up management approaches of the state-
of-the art primarily invent methods which enable to control 
the ramp-up. Within this context, however, the proactive 
management of complexity or instability in ramp-up is not 
conducted. The focus is set on reactive measures. 
Nevertheless, the existing approaches provide solution 
principles which might be applied to reducing complexity in 
ramp-up and therewith facilitate decision making. 
2.3. Consequences of an instable behavior in practical terms 
When instabilities crop up, the ramp-up system does not 
perform within its tolerance range anymore. Deviations from 
the intended ramp-up curve occur, (Fig. 3). Consequences of 
instabilities might, among others, be delays in delivery, higher 
costs and insufficient product quality. All result in an 
insufficient production effectiveness. This underlines the need 
to derive solutions on how to manage and reduce the 
complexity of the ramp-up. 
 Fig. 3. Tolerance range of ramp-up 
3. Framework for deriving solutions 
One challenge of ramp-up management in order to manage 
instabilities is to ease decision making in the interdisciplinary, 
interdepending and dynamic field of ramp-up.  
The research training group “ramp-up management” of 
RWTH Aachen University focuses in several research 
projects on the decision making process in ramp-up applying 
a decentralized rather than a centralized approach. The 
Aachen Model for interdisciplinary ramp-up management acts 
as a framework for deriving solutions, (Fig. 4).  
 
In order to structure the decision making process the 
following basic prerequisites are defined [20]: 
x The basis of decision making describes that the current 
ramp-up situation is correctly estimated and the necessity 
of decision-making is recognized.  
x The ability of decision making is dependent on examining 
and verifying the ramp-up system’s interdependencies. 
Knowledge on the interactions enables the decision maker 
to ponder the consequences of decision alternatives. 
x A uniform target system helps to achieve an overall 
optimum.  
 
The decisions themselves are subdivided into [19]: 
x Decisions focusing on the factual definition of processes or 
products: They define the characteristics of the objects 
which have to be considered in ramp-up planning. Those 
decisions are only affected by interdependencies within 
single functional units. 
x Cross-functional decisions on the factual definition have an 
impact on the structure of the system. Those decisions’ 
consequences are not completely assessable by the 
decision maker and are, thus, a source of instabilities.  
x Organizational decisions determine the interdisciplinary 
alignment of the involved functions. Along with the ramp-
up progress this alignment is dynamical.  
 
Fig. 4. Aachen Model of Interdisciplinary Ramp-Up Management 
 
Especially in complex systems the ability of decision 
making is limited as the interdependencies between the 
system’s elements and, thus, the consequences of decisions 
are not known completely. Referring to the Aachen Model for 
interdisciplinary ramp-up management, the idea is to derive 
solutions for coping and reducing the ramp-up’s complexity 
through decentralized approaches. Therewith, systematical 
optimizations of single decision situations should be 
performed while respecting the elements’ interconnections.  
4. Solution principles for managing complex and instable 
systems 
For the purpose of managing complex and instable systems 
four system theoretical solution principles are analyzed and 
formulated as approaches which can be applied to different 
ramp-up problems in order to facilitate decision making.  
4.1. Model designing 
Models facilitate the mapping of complex, real systems 
and are a useful instrument for overcoming complexity. 
Model designing serves to structure and abstract reality. Thus, 
it is easier to analyze existing interactions and effects. 
Decisions may be derived quicker. Through a feedback of the 
message and knowledge which the model derives into the real 
world new solutions and measures for the actual problem may 
be deduced as the system’s behavior may be predicted. Hence, 
models support the decision making process [21]. 
Concerning the ramp-up it is necessary to describe the 
system’s structure on the one hand and to describe its 
behavior on the other. As stated in section 2.1, the elements 
theoretical
ramp-up curve
instability
in ramp-up
stability
in ramp-up
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which drive the complex behavior are e.g. technologies, 
product, processes, personnel and the logistics network. A 
model representing the whole ramp-up has to cover all these 
elements and analyze their effects on the ramp-up’s efficiency 
and effectiveness. However, a modularization is possible in 
order to focus only on distinct excerpts of the ramp-up and 
thereafter combine the single modules to a whole model. 
4.2. Closed loop control and heuristics 
As time pressure and an insufficient data basis do not allow 
to derive analytically validated decisions in ramp-up it is often 
inevitable to apply heuristics in order to make decisions. By 
using heuristics, solutions may be achieved based on 
experiences, however, those solutions are not always optimal.  
Referring to the existing and not completely known 
interdependencies between the ramp-up’s elements a 
combination of heuristics with closed control loop 
mechanisms is helpful. Those mechanisms have the power to 
suppress existing disturbances and, thus, adjust the system’s 
behavior. Using heuristic approaches assists in ordering, 
selecting and compressing the available information. Hence, 
complexity may be reduced and decision making facilitated. 
4.3. Tolerancing 
Decisions on ramp-up planning are not only accompanied 
by the above mentioned uncertainties they also have to 
consider the trade-off between planning accuracy and effort. 
In order to fulfil underlying targets while considering target 
conflicts thinking in solution spaces and tolerance ranges 
helps to reduce a system’s complexity. Solution spaces 
describe the entirety of all potential solution approaches 
which are applicable in order to meet requirements. The idea 
is not to make tight specifications but to provide design-sets 
which span a tolerance range [22]. These tolerance ranges 
allow to derive decisions with distinct degrees of freedom but 
provide sufficient accuracy in order to estimate a decision’s 
consequences. A structured definition of relevant solution 
spaces and tolerance ranges helps to decouple decisions and 
their dependencies.  
In ramp-up this principle is especially helpful in the early 
phases of the pre try-out serial and try-out serial when 
applying it to e.g. technical functions of a product. However, 
it is necessary to analyze and structure the effects which 
tolerance ranges have on the production processes in order to 
achieve reliable results. 
4.4. Pattern building and self-optimization  
Complex systems do not show entirely haphazard 
structures. Patterns may be recognized and rules implemented. 
Patterns are recurring regularities which make it possible to 
understand a system without the knowledge of causes and 
effects. By using patterns, it is to some extent possible to 
determine a system’s complexity. Based on this knowledge 
self-optimizing principles can be established as an instrument 
to reduce a system’s complexity [23, 24]. Self-optimization is 
performed in closed control loops: Based on an analysis of the 
current situation firstly the system’s targets may be adjusted 
and secondly the system’s behavior influenced to achieve 
those targets [25]. In self-optimizing systems the decision-
making process is applied to the closed control loop.  
5. Conclusion and Outlook 
The ramp-up is subject to instabilities which make it hard 
to predict its behavior and to control the system. Thus, the 
system is not always performing within its tolerance range. As 
a consequence of instabilities, delays in achieving the 
intended production effectiveness occur. Instabilities are 
caused by existing complexities in ramp-up which arise due to 
the ramp-up’s interdisciplinarity, interdependencies and 
dynamics. In order to manage the ramp-up proactively this 
paper, thus, provides solution principles to cope with and 
reduce complexity. In a less complex system it is easier to 
make decisions as those decisions’ consequences are 
predictable. Promising solution principles in this context are 
model designing, closed loop control and heuristics, 
tolerancing as well as pattern building and self-optimization. 
Future research works may use these principles in order to 
reduce a ramp-up system’s complexity and help to derive 
decisions to make the ramp-up proactively manageable.  
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